A strong innovation performance based on R&D, product development and the implementation of advanced production technologies is key for the long-term competitiveness of European economies. This study investigates the effects of production offshoring on R&D and innovation activities of the firm in the home country. The analysis is based on a dataset of more than 3000 manufacturing firms from seven European countries. We employ propensity score matching to compare R&D and innovation activities of firms which have offshored production activities in a previous period to a control group of non-offshoring firms. The analysis finds no negative effect of production offshoring on innovation and technological capabilities of firms in the home country. On contrary, offshoring firms spend significantly more on R&D or product design, and invest more in process innovation than non-offshoring firms. These results support a view on internationalisation of firms that regards offshoring as a strategy of international expansion, and not a passive reaction of firms to a loss of their competitiveness. Our results indicate that this expansion goes hand in hand with innovation and process modernization at home. 
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Introduction
In recent years, firms from different countries have considerably increased their presence abroad. The OECD (2013) estimates that the world-wide stock of foreign direct investment (FDI) has reached around USD 21.1 trillion at the end of 2011. This is a 5% increase from the value for 2010, and 27% increase from 2007. Increasing FDI activity can also be observed for Austrian firms. Data provided by the Austrian National Bank indicate that active FDI of Austrian firms abroad exceeds the stock of passive FDI of foreign-owned firms in Austria (Dell'mour 2012).
These increases explain why foreign direct investment and offshoring in particular has been in the focus of economic policy debates in the US, Europe and also in Austria for -at leastthe last decade. A main interest in these debates is on the economic effects of offshoring on the investing firms in the home country. Critics of globalisation blame offshoring for job losses, a weakening of the manufacturing base of European countries and therefore see offshoring as a potential threat to the innovative capabilities of countries and their long-term competitiveness.
This study wants to contribute to this discussion. By investigating the link between offshoring and investments in R&D, innovation and process technology at home, the study will contribute to a better understanding of the effects of outward FDI on the home country. The key question of this project is: How does production offshoring affect innovation capabilities of the firm? This includes, for example, the effects of production offshoring on the propensity to introduce new products, the propensity to introduce new production technologies, or the resources the firm devotes to R&D. The large literature that investigates such home country effects (Lipsey 2002; Barba Navaretti and Falzoni 2004; Crinò 2009 ) is however mostly focussed on employment, production and exports. Innovation and technology are usually left outside.
We employ data from the European Manufacturing Survey (EMS) survey, a firm-level data set on product, process, and organisational innovation in manufacturing firms. In order to analyse the causal effect offshoring on the innovation capabilities of firms, we use a propensity score matching estimator. This approach allows us to identify a control group of non-offshoring firms with characteristics similar to those of offshoring firms.
The study is structured as followed: chapter 2 reviews the relevant literature and presents three hypotheses on the relationship between offshoring and innovation capabilities at home. Chapter 3 presents our dataset, some descriptive results and lays out the econometric approach of the study. Empirical results are presented in chapter 4. In chapter 5 we repeat the analysis of chapter 4 with a smaller sample of Austrian firms. Finally, chapter 6 discusses some conclusions from the study.
Literature review and hypotheses
This chapter briefly reviews the relevant literature for this study. We will first discuss the concepts of offshoring and innovation. Second, we focus on the empirical literature that examines effects of offshoring and outward foreign direct investment on the home country. Finally, we formulate three hypotheses that will be tested in the empirical analysis of chapter 4.
Offshoring, innovation, and investment in new technologies
The study focusses on the relationship between production offshoring and innovation, with a special focus on process innovation which is investment in new production technologies.
In the context of this study, offshoring is defined as the transfer of production activities to another unit of the firm abroad or a supplier located abroad (see Table 2 -1). Offshoring is a type of foreign direct investment of firms ('vertical FDI') , and sometimes used as a synonym for FDI. Related terms are 'international outsourcing', 'international insourcing', the 'fragmentation of global value chains', 'slicing up the value chain', 'global production sharing', or 'trade in tasks' which all describe the location of different stages of the production process at different locations (Stehrer et al. 2012) . The most frequent motive for offshoring in European manufacturing are reductions in labour costs, followed by vicinity to customers, and the wish for expansion (Dachs et al. 2012, p. 11) . (OECD 2005, p. 46) . A basic distinction can be made between innovation that aims at the introduction of new or considerably improved products to the market (product innovation) and innovation that aims at the introduction of new or considerably improved technologies to produce products (process innovation).
Innovation in firms can be described as the accumulation of competencies -knowledge and information -in a complex, cumulative, path-dependent process (Dosi 1988; Patel and Pavitt 1997; Pavitt 2005) . The process of innovation is highly industry-specific, and therefore differs considerably between sectors. The level of technological opportunity, expectations of future demand and the conditions to appropriate the returns from innovation have been identified as key determinants for the level of innovative activity at the sectoral level (Cohen 1995 (Cohen , 2010 .
According to Pavitt (2005, p. 88) , firms have to fulfil three principal tasks in the innovation process: a) producing scientific and technological knowledge; b) translating this knowledge into working artefacts; c) influencing and responding to market demand.
The creation of new scientific and technological knowledge often takes place in designated R&D departments. But also other departments (such as design, production, or the marketing department) can contribute to the firm's stock of knowledge because they have different experiences with technologies or market demand. Moreover, the firm draws on knowledge from universities, competitors, specialised suppliers and the general knowledge base of society.
The main challenge in transferring knowledge into products is the fact that a new scientific principle does not necessarily lead to a working product. The number of possible design configurations of a product is limited by a number of factors, such as available materials and production technologies, complementary technologies (displays and batteries in the case of mobile phones), or necessary infrastructure (gas stations for hydrogen cars). As a consequence, firms are faced with a fundamental technological uncertainty when developing products. One strategy to master this uncertainty is to broaden the knowledge base to cover many different technologies.
A final principal task in the innovation process is to match the product with changing market demand. This is easier during periods where technological change moves along stable trajectories and basic characteristics of the product develop in a fairly predictable way (Dosi 1982) . The task becomes very difficult for the firm when new technologies and competitors rival its main product.
The description of the three tasks of innovation activity makes clear that innovation is not only R&D, but also includes a range of other non-R&D activities, from the acquisition of external knowledge, to design, testing, the development of prototypes to production preparation and adaptations in the production process (OECD 2005) . There are numerous historical examples of how new production technologies can pave the way to product innovation by allowing a greater accuracy, more functionality or reducing production cost. New products, in turn, may require new production technologies for their realisation, and these may be applied in the home market first. Some firms even innovate without any own R&D activities, mostly based on external knowledge incorporated in machinery or software (Som 2012) . The analysis will consider this broad approach to innovation and include various indicators that measure product and process innovation. In addition, we will include measures of innovation input, the efforts firms spend on innovation activity.
The home country effects of foreign direct investment and offshoring
Foreign direct investment and offshoring in particular has been in the focus of economic policy debates for -at least -the last decade. The main reasons for this interest are the economic effects of offshoring on the home countries. A vast literature has examined these effects with early contributions going back as far as the 1930s (see the surveys of Lipsey 2002; Barba Navaretti and Falzoni 2004; Olsen 2006; Crinò 2009 ). Most studies focussed on output, employment or skills and find a complementary relationship between foreign and domestic economic activity, at least in the long run (Lipsey 2002; Barba Navaretti and Falzoni 2004; see Falk and Wolfmayr 2010 for Austria) . Overall effects, however, seem relatively small.
The literature has identified several mechanisms how offshoring affects economic activity in the home country (Barba Navaretti and Falzoni 2004, p. 218) : first, offshoring may affect output and employment in the home country simply because overseas and home country activities complement or substitute each other. If the firm produces the same product at the offshoring location as in the home country, production in the home country may decline in the short run. If offshoring is also a means to open up new markets abroad, additional demand for the stages of production located at home may counterbalance this decline. This may also include additional demand for headquarter activities such as R&D, design, and other innovation activities.
Second, offshoring affects home country activities because it changes internal division of labour between various parts of the firm. It will raise the demand for more capital-, technology-, and skills-intensive types of economic activity in the home country, including headquarter services such as supervising, coordinating and other value adding auxiliary activities. As a consequence, the composition of inputs in the home country changes.
Third, activities in the home country may benefit from transfers from the foreign affiliates, most notably reverse technology transfer from overseas R&D activity (Fors 1997; Ambos and Schlegelmilch 2006; Piscitello and Rabbiosi 2006; D'Agostino et al. 2010) . Multinational firms have considerable internationalized their R&D and innovation activities in recent years. Overseas activities can become a source of competitive advantage for firms and home countries (Narula and Michel 2009) , in particular when complementarities between the home region and offshore R&D exist (D'Agostino et al. 2013 ).
In the context of this study, the second effect -the changes in the specialisation of economic activities in the home country -seems most relevant. Such a change in specialisation patterns of firms should benefit activities such as research, product development, design, or product-related service activities. This may be fostered by the third effect -reverse technology transfer. However, we cannot isolate this third effect since our dataset does not include information on overseas R&D and innovation activity.
Empirical evidence for changes in specialisation patterns of home country activities are mainly provided by studies that investigated the effects of offshoring on the skill intensity and composition of the labour force of offshoring firms in the home country. Only few studies investigate other indicators (see Olsen 2006) , so we will mainly rely on this indirect evidence.
Early studies include Head and Ries (2002) who study Japanese firms in the 1970s and 1980 1970s and , and Hansson (2005 who investigates Swedish firms in the 1990s. Both studies find that overseas production has a positive and significant impact on domestic skill intensity, which points to a changing specialisation pattern. This effect is more pronounced when offshoring goes to low-income countries. Egger and Egger (2003) investigate changes in skill intensity from offshoring to Eastern Europe for Austria during the 1990s with an industry-level data set. Their results confirm the aforementioned results. Slaughter (2000) in contrast finds no significant effect for US firms in the 1980s and 1990s.
More recent studies include the contributions of Morrison Paul and Yasar (2009) who investigate the effects of offshoring on the skills intensity in Turkish textiles manufacturing, Harrison and McMillan (2010) , or Neureiter and Nunnenkamp (2010) , who show that highskilled jobs benefit from offshoring in European Firms. Simpson (2012a) confirms this result for the UK. She finds that relocating low-skill activities to low-wage countries has potential positive effects on investment, employment and output in complementary high-skills activities at home. Simpson (2012b) reveals a similar effect for plant exits in low skills industries. The research of Becker et al. (2012) indicates that offshoring in German multinational firms is associated with a significant shift in the structure of jobs characteristics in Germany towards more non-routine and more interactive tasks, and with a shift towards highly-skilled employees.
The study of Crinò (2012) is an exception in the literature, since he also tackles effects of offshoring on R&D and innovation which are usually not analysed in these studies. Crinò (2012) investigates the effects of imported inputs on skills intensity of firms in Central and Eastern Europe and Central Asia. He finds that importing inputs is associates with a specialization in high-skill intensive activities such as the production of new goods, improvements of product quality and, to a lesser extent, R&D and technology adoption. The linkage between offshoring and R&D in the home country is also investigated by Karpaty and Tingvall (2011) for Swedish multinational firms. They find that offshoring has a negative effect on R&D intensity of Swedish firms at home. The effect is most robust for offshoring to other European countries and North America. Offshoring to emerging economies, however, has no or even a positive effect on R&D intensity. The negative effect of offshoring on R&D intensity can be traced back to small firms.
The link between offshoring on the one side and R&D, innovation and investment in process innovation at home on the other side may also be influenced by self-selection. Theoretical as well as empirical research has argued that firm heterogeneity leads to a selection-bias in the internationalisation strategies of firms (Head and Ries 2003; Helpman et al. 2004) . Only the most productive firms expand their operations via FDI, while less productive firms choose to export or serve only domestic markets. Recent empirical evidence for differences in productivity between offshoring and non-offshoring firms is provided by Amiti and Wei (2009 ), Fariñas and Martín-Marcos (2010 ), or Jabbour (2010 . We will account for this bias by employing an econometric matching estimator described below.
As discussed in the previous section, an important part of innovation activity is the introduction of advanced production technologies, or process innovation. A few empirical studies investigate the effects of offshoring FDI on investment in the home country. The results of these studies are inconclusive. Desai et al. (2009) Feldstein (1994) in contrast, finds a negative relationship for the US, while Braunerhjelm and Oxelheim (2000) find no general tendency that foreign investment would replace or augment domestic investment of Swedish multinationals. Egger and Pfaffermayr (2009) investigate the effect of FDI on tangible and intangible investments in Austria. They find that investing abroad is positively correlated to higher investments in R&D and intangible assets at home.
Moreover, firms may concentrate advanced production technologies at home because of the close linkage between improvements in production technology and product innovation (Ketokivi and Ali-Yrkkö 2009; Tecu 2011 ). The interactive model of the innovation process (Kline and Rosenberg 1986; Rothwell 1992) or the Open Innovation model (Chesbrough 2003) suggest that feedback loops between production activities, product development, and R&D are a main source of new ideas. These links may be most beneficial with the most advanced production equipment employed and concentrated at the domestic location. Another reason why firms that invest in advanced production technologies may locate these investments in the home country is control. Involuntary spillovers to competitors may be easier to control if machinery is located close to the head office of the firm.
Hypotheses
From the literature, we conclude that offshoring is a process where capital-and skillintensive stages are concentrated at home, while labour-intensive stages of production are located in (low-wage) countries. Moreover, offshoring firms develop a higher demand for headquarter services, including R&D, design, and other innovation activities. Self-selection and positive feedbacks between process and product innovation may even reinforce this shift. We therefore state an 'optimistic" hypothesis to be tested below:
H1: Production offshoring is associated with a higher innovation input of the firm.
We now turn to product innovation. A higher rate of product innovation seems to be a logic conclusion from H1; however, successful innovation need market acceptance, which is not related to innovation input. Offshoring firms may nevertheless be more successful with product innovation, because they have a more direct access to foreign markets, and can learn from success and failures with product innovation in other markets. Higher overall sales of the firm from international operations and growth expectations might result in a higher demand for R&D and innovation located in the home country. Being a multinational firm also enhances the range of possible markets for an innovation (Rosenberg 1990) . Moreover, there is empirical evidence that multinational firms have better management capabilities than purely domestically firms (Bloom and Van Reenen 2010) . We therefore state H2:
H2: Production offshoring is associated with a higher rate of product innovation of the firm.
Finally, we look at process innovation. On the one hand, economic theory predicts that units in the home country will specialize on more skill-intensive and capital-intensive activities, while foreign affiliates typically located in low-wage countries exploit factor price advantages of their host countries in labour-intensive production activities. This also includes process technologies such as highly automated production or flexible, 'customized' manufacturing. Moreover, offshoring may increase the demand for efficient and transparent communication and integration between activities in the home country and foreign manufacturing plants. This may trigger initial or follow-up investment in electronic network technologies such as enterprise resource planning, supply chain management systems or warehouse management systems. Close linkages between production and innovation may further foster a concentration of modern process technologies in the home country.
Process innovation in the home country, however, may also suffer from offshoring for two reasons. First, if offshoring leads to a reduction of production activity in the home country, there may also be less investment in new process technologies. Second, process innovation in the home country may suffer from offshoring if capital-intensive production processes in the home country are substituted by labour-intensive production abroad. Unfortunately, the data does not allow us to distinguish between offshoring to low-wage and to high-wage locations. We nevertheless assume a positive relationship between offshoring and process innovation as well:
H3: Production offshoring is associated with a more process innovation of the firm.
3 Dataset and econometric approach
Dataset
The data employed in the study comes from the European Manufacturing Survey (EMS) 1 This study will exploit data from the EMS 2009, which includes 3,106 observations from seven countries. German firms have the largest share in the dataset. The most frequent sectors are producers of finished metal products and machinery. Table 3 -1 and 3-2 illustrate the geographical and sectoral composition of the sample.
. The EMS investigates product, process, service and organisational innovation in European manufacturing. EMS is organized by a consortium of research institutes and universities coordinated by the Fraunhofer Institute for Systems and Innovation Research (ISI). The survey is carried out every three years. Despite the regular intervals, EMS is not a panel survey. First and foremost each survey wave represents a cross section in its own right. Furthermore the questionnaire changes over time, which limits comparisons between different observation periods.
Source: EMS
To our knowledge, EMS is the only data source that allows studying the effects of offshoring on R&D, innovation and production technologies in firms in detail. Other popular data sources, such as the AMADEUS data base, or the FDI intelligence database do only provide a fraction of the variables needed for this analysis. The EMS includes detailed information on the degree of utilization of a number of advanced production technologies, on innovation input including R&D expenditure, innovation output such as the introduction of new products to the market, the qualification structure of the employees, and a number of 1 http://www.isi.fhg.de/i/projekte/survey_pi.htm control variables such firm size, as exports, position of the firm in the value chain, or characteristics of the main product and of the production process. 
The three hypotheses of section 2.3 relate offshoring to innovation input, product innovation and process innovation in the home country. The main input into research, development and innovation activities of firms is personnel employed in these areas (e.g. Muscio 2006; Fritsch and Slavtchev 2010) . In order to capture the innovation input we take a somewhat broader view on innovation which includes R&D, but also non-R&D activities such as design, product adaptation etc. We measure innovation input by the share of personnel of the firm employed in R&D and the share of personnel employed in configuration, design and R&D.
The operationalization of product innovation in the EMS survey follows the suggestions laid out in the OECD's Oslo manual (OECD 2005) . Product innovation output is captured by a dichotomous variable indicating that the respondent firm introduced a new product to the market in the three year period subsequent to the period covered by the offshoring of production activities between 1999 and 2006. In addition, product innovation output is also captured by its economic relevance measured by the share of turnover generated by the new products in the year 2008. In accordance with the OECD (2005) the operationalization of the product innovation output distinguishes between two degrees of novelty: products that are new to the firm and products that are new to the market.
Dichotomous indicators for product innovation have been used for instance by Ebersberger and Herstad (2011) , by Nieto and Santamaria (2007) , and by Laursen, Masciarelli, and Prencipe (2012) . The economic relevance of product innovation measured by the sales share generated by new products has, for instance, been used by Cassiman and Veugelers (2006) , by Laursen and Salter (2006) , and by Schmiedeberg (2008) .
Overall this generates four variables capturing product innovation output. Table 3 -3 summarizes the operationalization and provides immediate reference to the tables reporting the corresponding analysis. The EMS also asked firms for the main motive for the adaptation of a technology. The results of this question not reported here indicate that the main motive for the adaptation of most technologies is to increase productivity. Exceptions are novel materials, biotechnology, prototyping and virtual reality and simulation, which are mainly introduced with the motive of increasing innovation capacities. Moreover, laser and automated quality control are mainly employed to increase the quality of the output. 
Digital factory technologies
Digital exchange of operation data with supply chain management systems of suppliers/customers SCM Manufacturing Execution System (MES) (i.e. integration of PPS/ERP with production data, CAM) MES Virtual Reality and/or simulation in product development and/or manufacturing VIR
Source: EMS
To measure process innovation we generate an indicator that captures the involvement of the firm in these 13 production technologies on a detailed basis. Stronger involvement indicated by a higher involvement index reveals more intensive process innovation as more of these advanced production technologies have been implemented to achieve a higher level of technology involvement.
We construct an additive involvement index that resembles the index used in Ebersberger and Herstad (2012) , in Gaughan (2007, 2011) and in Gaughan and Corley (2010) . It is constructed by first identifying the technologies that a firm currently utilizes. Each of these instances of technology usage is then weighted with the inverse of their relative frequency in the respective NACE 2-digit industry group, and the sum is computed. This procedure weights up (relatively) rare utilization of technologies, and weight down (relatively) common ones. We compute a total involvement index (all technologies) and separate indexes for involvement in automation technologies, production technologies and in digital factory technologies. The relative frequency of technology utilization in the sectors in the data set is reported in Table 9 -1 in the Appendix.
As an example, consider a firm initially utilizing only in other CAD/CAM technologies (a automation technology) and virtual reality / simulation in product development (a digital factory technology). In the NACE 2-digit sector of this very firm, CAD/CAM usage is common as 53% of the firms employ CAD/CAM systems. Virtual reality / simulation in product development is relatively rare as 14% in the sector employ this technology. The computation of the involvement index of this firm is reported as an illustration in Table 3 -5. Table 3-1 and Table 3 -2 provide some descriptive statistics on the sample distribution across sectors and countries.
Measures
In a sectoral perspective, the highest share of offshoring firms can be found in textiles, clothing and leather and among the manufacturers of office equipment, electrical machinery and apparatus. Production processes and the propensities of the final product in these sectors allow a high degree of division of labour between various stages of production and therefore a high degree of offshoring.
The data reveal that 13.6% of the total sample have offshored production to own or foreign firms between 1999 and 2006. Offshoring firms are surprisingly equally distributed between the countries. The relative shares range between 10.2% in the Netherlands and 16.3% in Austria. Empirical evidence for offshoring in the period 2007-2009 is provided by Dachs et al. (2012) . 
Econometric approach
The econometric analysis will proceed in two steps. First, we model the offshoring decision. We assume that the firms' decision whether or not to offshore production activities is related to firm-specific characteristics X. The influence of these firm level characteristics is estimated with a probit model, where the offshoring decision OFFS is the dependent variable:
(1)
Φ is the cumulative normal density function. X contains firm specific characteristics such as size, age, experience with various production technologies, sector and country.
Second we use the estimated propensity of the first step for a propensity score matching to construct the counterfactual for the offshoring (for the methodology see for example Heckman et al. 1998; Blundell and Costa Dias 2000; Czarnitzki 2005 ). This allows us to control for the selection bias and estimate the offshoring effect on the investment in R&D, on the implementation of advanced production technologies and on innovation activities.
The temporal structure of the dataset also allows us to address potential endogeneity. Offshoring of production activities between 1999 and 2006 will be modelled using information about the firm characteristics in the year 1999. The information to assess the effects of this offshoring between 1999 and 2006 relate to the years 2007 to 2009.
The effect of offshoring is the difference between the innovation behaviour T I of offshoring firms (
= OFFS
) and the innovation behaviour of the offshoring firms in the unobserved case where they had not offshored C I .
As the second part of (2) cannot be observed,
has to be estimated.
Matching methods solve this missing data problem by estimating the counterfactual. For each of the offshoring firms the matching approximates the counterfactual behaviour through the behaviour of a non-offshoring firm that is similar to the offshoring firm in terms of exogenous characteristics X. The effect of offshoring is
As a matching procedure we use the kernel based matching approach. It constructs a convex combination of all not-offshoring firms to be each offshoring firm. The higher the similarity of the non-offshoring firm to the offshoring firm in the characteristics space (X) the higher its weight is in the convex combination. We use a Gaussian kernel with a bandwidth of 0.034. The composition of the conditional sample is such that between the group of offshoring firms and the group of not-offshoring firms no systematic differences exist which influence the offshoring decision. Rosenbaum and Rubin (1983) show that using the propensity score is an appropriate way to solve the problem of finding identical pairs in all dimensions of X. The probit model in (1) does not only supply evidence to analyse the determinants of offshoring. It also supplies the propensity score for the matching analysis.
4 Empirical results for the whole sample
Determinants of offshoring
In this first step of the empirical analysis we investigate the determinants of production offshoring. The offshoring of production activities is captured by a dichotomous variable indicating that production activities have been offshored in the years 1999 to 2006. The independent variables in the subsequent regressions are measured for the year 1999. The subsequent regressions include a summary indicator for the use of modern organizational concepts in management in the year 1999 (ORG 99 ). It also contains the 1999 usage of eleven different production technologies (Use_xx 99 The regression that supplies the propensity score for the subsequent matching analysis also includes interaction terms for country and sector. The results for some base line regressions (Model I to Model III) are reported in ). Additionally we include country dummies, sector dummies, firm age dummies and two size indicators which control for the broad size class of the firm (small, medium, large firm) in the period [2007] [2008] [2009] . The affiliation of each firm to these size classes should be fairly stable between 1999 and 2009. To generate the counterfactual for the offshoring firms we use the matching algorithm introduced above. There we argued that the group of non-offshoring enterprises does not represent an unbiased approximation for the counterfactual situation. We argued that there are certain firm specific characteristics that affect the offshoring decision. These characteristics are summarized by the propensity score derived from the probit regression IV in Table 4 -1. Note: The group labelled as ‚no offshoring' are all the companies in the sample that have not offshored production activities in the years 1999-2006. The propensity score is generated from regression IV in Table 4 -1. ***, (**,*) indicates significance at the 1%, (5%, 10%) level of significance.
Before we start with the interpretation of the effects of offshoring on the innovation input, product innovation and on process innovation, let us investigate two related issues. First, let us briefly analyse whether the matching algorithm was able to balance the propensity score of the offshoring firms with the propensity score of the control group. Table 4 -2 illustrates that the matching algorithm has succeeded in balancing the sample with respect to the propensity score. We do not find significant differences between the offshoring firms and the matched control group that we use to approximate the counterfactual here.
Second, let us investigate whether the offshoring indicator plausibly captures the increased embeddedness of the firm in international value chains. In order to do so we provide an analysis of the effects of offshoring on the firms' production and their international value chain involvement in Section 4.2. This is not to sketch out the effect ---which would be all too obvious ---but to increase the legitimacy of our indicator.
Offshoring and the firms' production and value chain
The analysis here focuses on the effects of offshoring of production activities which we capture by a dummy variable. This dichotomous variable bases on the self-reported information in the survey about whether or not the respondent firm has offshored production activities in the years 1999-2006. All other things equal, we would expect the offshoring firms to reveal a reduced intensity of production activities. The first two rows of Table 4 -3 show that offshoring firms indeed have a significantly (p=0.000) lower share of employees in production (55.8%) than non-offshoring firms (62.2%). This confirms one of the central assumptions of this paper: offshoring results in a shift in the internal division of labour of the firm from production to headquarter functions.
In the same manner, we expect that offshoring activities increase the integration of firms in international value chains. In Table 4 -3 the integration in international value chains is captured upstream by the fraction of intermediate goods that are imported and downstream by the share of exports on turnover. For both indicators we find that offshoring firms exhibit a significantly (p=0.000 in both cases) more intensive integration than non-offshoring firms.
In addition to the finding that offshoring firms are more intensively embedded in international value chains we investigate whether this leads to effects, possibly adverse effects, on the firms' delivery time. We observe that the offshoring firms have a mean delivery time of 45.2 days. The matched controls exhibit a delivery time of 47.7 days, which is decisively longer (see Table 4 -3, last two rows). Yet, the difference is not significant. Overall, the findings do not indicate a negative effect of offshoring production on the delivery time. Note: The group labelled as ‚no offshoring' is all the companies in the sample that have not offshored production activities in the years 1999-2006. The propensity score is generated from regression IV in Table 4 -1. ***, (**,*) indicates significance at the 1%, (5%, 10%) level of significance.
The findings from Table 4 -3 add to the plausibility of the offshoring indicator, on which the analyses of the following sections will base. Moreover, they can also provide us with some insights how the results of this study have been effected by the global financial crisis, which has reached its climax during the observation period 2007-Mid 2009. Empirical evidence suggests that export-oriented firms were more severely hit by the crisis and exhibited more severe cuts in innovation and R&D expenditure than less export-oriented firms (Paunov 2012; Rammer 2012; Archibugi et al. 2013 ). Thus, we can assume that the crisis has narrowed down the differences between offshoring and non-offshoring firms observed in the following chapters.
Offshoring and innovation input
Hypothesis 1 stated that offshoring is positively related to innovation input. We investigate this assumption in the following section. We look at differences in R&D, but also in non-R&D activities such as design, product configuration and adaptation. In what follows both dimensions -R&D employees and designers -are captured by their share on total staff of the firm. Table 4 -4 provides the result of the analyses comparing the offshoring firms with the matched not-offshoring firms which are regarded as the counterfactual to the offshoring firms. For all three indicators -the share of R&D employees (p=0.099), the share of designers (p=0.037), and the combined share of R&D employees and designers (p=0.011) -we identify a significant difference between offshoring firms and the control group of nonoffshoring firms.
Comparing the effect of offshoring on R&D employees with the effect of offshoring on designers we find that the difference in R&D employees (0.679) is distinctively smaller than the difference in the share of designers (1.116). This may be explained by the fact that multinational firms have a higher need for product adaptations to meet regulations, consumer tastes, environmental conditions etc. in foreign markets compared to national firms. Comparing the relative effect, we find that offshoring in 1999-2006 is associated with an increase in R&D employees by 13.2% and with an increase of designers by 16.6%.
Based on these results, we can reject the null-hypothesis claiming no effect of offshoring on innovation input and find support for Hypothesis 1 above. Note: The group labelled as ‚no offshoring' are all the companies in the sample that have not offshored production activities in the years 1999-2006. The propensity score is generated from regression IV in Table 4 -1. ***, (**,*) indicates significance at the 1%, (5%, 10%) level of significance.
Offshoring and product innovation
This section is devoted to the analysis of Hypothesis 2, which claims that offshoring exerts a positive effect on subsequent product innovation. The data reveal that about 76% of the offshoring firms introduced new products, whereas about 62% of the matched non-offshoring firms, which proxy the counterfactual to the offshoring, report the introduction of new products. The significant effect (p=0.000) of offshoring amounts to about 14% (see Table 4 -5, first two rows).
In contrast to the increased likelihood of introducing new products the offshoring firms do not realize a higher economic relevance of product innovation. Products that are new to the firm generate about 17% of sales in offshoring firms. The matched non-offshoring firms generate a share of 16% by sales of new products. The difference is not significant at any conventional level of significance (see Table 4 -5, third and fourth row). This finding suggests that, although offshoring firms have the capability to develop and introduce new products more frequently, they are not able to generate a higher fraction of sales through these products when compared with their matched non-offshoring firms.
Analogous to the interpretation of the findings in Table 4 -5 the effect of offshoring on the introduction of market novelties -that is products that are new to the market -is positive and significant. We find that 59% of the offshoring firms introduce market novelties, whereas about 52% of the matched non-offshoring firms report the introduction of new products. The latter approximate the counterfactual to the treatment of offshoring. The significant effect (p=0.050) of offshoring amounts to about 7% (see Table 4 -5, fifth and sixth row). Note: The group labelled as ‚no offshoring' are all the companies in the sample that have not offshored production activities in the years 1999-2006. The propensity score is generated from regression IV in Table 4 -1. ***, (**,*) indicates significance at the 1%, (5%, 10%) level of significance.
Here again, analogous to the findings for the economic relevance of new products (see Table 4 -5, fifth and sixth row) firms do not realize a higher economic relevance from market novelties. This is documented in Table 4 -5. Market novelties generate 9% of the sales of offshoring firms. The matched non-offshoring firms generate a share of about 9.3% by sales of market novelties. The difference is not significant at any conventional level of significance. This finding suggests that, although offshoring firms have the capability to conceptualize, develop and commercialize market novelties on a higher frequency, they cannot generate a higher fraction of sales through these products when compared with their matched non-offshoring companies.
Additionally we analyse whether the development time of new products is affected by offshoring of production activities. It has to be stressed here that the information contained in the offshoring indicator merely refers to production activities. It does not cover research, technology and innovation activities in a broad sense. As the latter activities tend not to follow production offshoring activities, at least not as long as national specification and adaptation for international markets do not require development activities. Hence, offshoring of production activities does affect the development process as such. This line of argument is supported by the findings in the last two rows of Table 4 -5, where no significant difference in the development time between offshoring firms and the matched non-offshoring firms can be detected.
To sum up, offshoring generates a significant effect on probability to introduce new products -on the rejuvenation of the firms' product portfolio. It obviously does not, however, exert a positive effect on the generation of sales by these new products. Overall we find support for Hypothesis 2 when we consider the introduction of new products, regardless of their degree of novelty. We cannot reject the null-hypothesis corresponding to Hypothesis 2 when we consider the economic relevance of new products to be the appropriate measure of innovation output.
When digesting the findings obtained so far, we are tempted to conjecture that offshoring of production activities tends to increase the share of employees related to research, development, and design. This shift in the focus of the firms' activities leads to an increased innovation output measured by the firms' likelihood to introduce new products. These findings hold regardless of the degree of novelty of the product innovation.
The increased likelihood of introducing new products is not generated by a faster development process, as we find no effect on the development process. From this, one could conclude that the increased focus on innovation activities as exemplified by the increased innovation input, causes the increase in innovativeness. Yet, the increased innovation input induced by offshoring activities does not translate into the increased innovative sales.
Offshoring and process innovation
Finally, we look at process innovation. Here we utilize a unique feature of the EMS data set: EMS supplies in-depth information about the respondent firm's utilization of various production technologies (see Table 3 -4) . This data allows us to investigate in detail Hypothesis 3 which focuses on the effect of offshoring on process innovation.
In chapter 3.1 we described how we constructed three indexes of involvement in specific fields of production technology and one index for overall technology involvement. Table 4-6 reports average values for each of the three technology involvement indexes and the overall index by sector. Please note that the indices of automation technologies, production technologies and digital factory technologies sum to the overall technology involvement index. The effect of offshoring on the overall technology involvement and the three subcategories is reported in Table 4 -7. First, when comparing the overall technology involvement of offshoring companies in the first row of Table 4 -7 (2.483) with the overall technology involvement of all companies in the sample in Table 4 -6 (1.889) we observe that offshoring firms show a distinctively higher involvement, which indicates that they invest more in process innovation. Even after the matching, which accounts for the fact that offshoring is not a random event but affected by certain firm specific characteristics that in turn also affect the utilization of technologies, we observe a significant (p=0.003) difference in the involvement of all technologies. As those matched non-offshoring firms are considered a proxy for the counterfactual to offshoring, the effect of offshoring on the overall technological utilization of advanced technologies in the production process is significant and positive. Thus, offshoring firms show a stronger involvement in advanced technologies in the production process than they would have in the counterfactual situation of being a non-offshoring firm.
As noted above the overall technological involvement is the aggregate index of three involvement indices covering more detailed sub-groups of advanced technologies in the production process. Investigating the effects on these sub-indices can reveal from which technologies this significant overall effect originates.
Let us first investigate the effect of offshoring on the utilization of automation technologies. This group of technologies comprises for instance seamless integration of digital product design / engineering with machine programming (CAD/CAM), industrial robots / handling systems in manufacturing and assembly, (process-)integrated quality control (e.g. by laser, ultrasonic waves, machine vision systems), radio frequency identification (RFID) utilization in on-site/external logistics, and automated warehouse management systems (WHS) for on-site logistics and order-picking. Most of these technologies have considerable potential for labour-savings in particular with respect to materials handling, storage, and quality control. According to EMS results, the main reason for their introduction is to increase productivity.
The results on the effect of offshoring on the involvement in automation technologies can be found in the third and fourth row of Table 4 -7. Despite the labour-saving character of many of these technologies, we find that offshoring is associated with a subsequently higher involvement in automation technologies. The difference between 1.179 of the offshoring companies and 0.970 of the matched not-offshoring companies is highly significant (p=0.000). Hence, offshoring is not a strategy to substitute capital-intensive process technologies in the home country by investments in low-wage countries. However, offshorers invest more in technologies to increase productivity at home than non-offshorers.
The sub-group of production technologies include laser as a tool (e.g. cutting, welding, forming, micro-structuring), dry processing/minimum quantity lubrication system, rapid prototyping or tooling (e. g. laser sintering, stereo lithography, 3D printing processes), application of bio-and gene-technology in manufacturing processes (e.g. catalysts, bio reactors), and processing of novel materials (e.g. composite materials, renewable raw materials). These technologies can increase productivity, but also contribute to innovation, for example if new materials allow new product propensities.
The fifth and sixth row of Table 4 -7 summarizes the findings for the involvement in production technologies. For production technologies, the difference between the offshoring companies' involvement (0.611) and the matched non-offshoring companies (0.584) is not significant. We cannot reject the corresponding null-hypothesis about no effect of offshoring and conclude that offshoring does not affect the implementation of production technologies. Note: The group labelled as 'no offshoring' are all the companies in the sample that have not offshored production activities in the years 1999-2006. The propensity score is generated from regression IV in Table 4 -1. ***, (**,*) indicates significance at the 1%, (5%, 10%) level of significance.
Digital factory technologies comprise digital exchange of operation scheduling data with supply chain management systems of suppliers/customers, manufacturing execution system (MES) (i.e. integration of PPS/ERP with production data logging, CAM), and virtual reality and/or simulation in product development and/or manufacturing. These technologies can increase the flexibility of the production process and help to link foreign and domestic production activities. Moreover, they also provide new tools for product development and therefore contribute to product innovation.
The results indicate a significant difference (p=0.019) between offshoring and nonoffshoring firms (last two rows of Table 4 -7). The offshoring firms show an involvement index of 0.692, whereas the non-offshoring companies, as the counterfactual, show an involvement of 0.602. We interpret this as a sign that offshoring firms invest more in technologies to manage the value chain and promote international integration of production activities.
To sum up, offshoring of production activities is associated with more subsequent process innovation measured by a higher involvement in advanced technologies in the production process. This overall effect originates from a positive effect on automation technologies and on digital factory technologies. This is in line with the international economics literature which predicts that offshoring firms in the home country will focus on skill-intensive and capital-intensive activities. Offshoring of production activities therefore does not negatively affect the implementation of production technologies and industrial modernisation.
Results for Austria
The previous chapter has revealed that offshoring firms specialize towards research, development, and design in their home countries and invest more in process innovation than non-offshoring firms than non-offshoring firms. This finding was based on a large sample of firms from seven countries. We used propensity score matching to compare offshoring and non-offshoring firms which share the same firm characteristics.
This chapter goes one step further and focuses on Austria. We will repeat the analysis of the previous chapter with a sample that only includes Austrian offshoring firms and their Austrian counterfactual. This approach shrinks the sample considerably; there are 50 Austrian offshoring firms in the sample. Unfortunately, it was not possible to find counterfactuals for 15 firms, which results in a sample size of only 35 firms, a considerable limitation for statistical analysis. We will therefore only report means and their standard deviations and no values for T-tests.
Offshoring and the firms' production and value chain
The results of chapter 4 showed that offshoring firms are more intensively embedded in international value chains. We can confirm this result for the sample of Austrian firms. Both, the share of exports and the share of imported intermediaries is higher for offshoring firms. Differences in the share of employees in production are only small and in favour of offshoring firms. Note: The group labelled as 'no offshoring' are all the companies in the sample that have not offshored production activities in the years 1999-2006. The propensity score is generated from regression IV in Table 4 -1.
Offshoring and product innovation
The clear advantages of offshoring firms in terms of innovation input we observed in the previous chapter cannot be found for Austrian firms (Table 5 -2). Offshoring firms employ less R&D personnel relative to total staff compared to non-offshoring firms, but a higher share of employees in design. The combined share for R&D and design personnel is similar for offshoring and non-offshoring firms. This confirms the result of the previous chapter insofar as we see no negative effect from offshoring on innovation input. Moreover, the observation that the share of personnel working in design is higher in offshoring firms is also confirmed for Austria. Note: The group labelled as 'no offshoring' are all the companies in the sample that have not offshored production activities in the years 1999-2006. The propensity score is generated from regression IV in Table 4 -1.
One of the most striking results of the previous chapter is the finding that offshoring firms more successfully introduce new products to the market, but are not able to reap higher rewards in terms of turnover from new products and market novelties.
The analysis for the Austrian sample partly confirms this result (Table 5 -3). The share of offshoring firms which introduced products new to the firm is higher than the corresponding share for non-offshoring firms. However, the share of offshoring firms with market novelties is lower. Results for the turnover shares are in line with the results for the whole sample, but suffer considerably from the low number of observations. Note: The group labelled as 'no offshoring' are all the companies in the sample that have not offshored production activities in the years 1999-2006. The propensity score is generated from regression IV in Table 4 -1.
Offshoring and process innovation
Finally, we look at process innovation. The dataset allows a very detailed examination of firm investments in various process technologies, as well as an assessment of the overall propensity of the firm to invest in process innovation.
Contrary to the results for the full sample, Austrian non-offshoring firms seem to invest more intensively in advanced process technologies than their offshoring counterparts (Table 5 -4). The value for overall involvement index in process technologies is 2.53 for non-offshoring firms compared to a value of 2.28 for offshoring firms. Similar differences in favour of nonoffshoring firms can be observed for production and digital technologies.
The sample is too small to provide measures for the significance of these differences. However, the fact that three of the four indicators are lower for non-offshoring firms than for offshoring firms is a hint that the difference is not zero.
How can this deviation of Austrian firms from the European trend be explained? We believe the reason lies in the focus of Austrian active FDI on Central-and Eastern-European countries. These locations are proximate to Austria, but offer considerable lower wage costs compared to Austria, which may give lower incentives for process innovation at home compared to other countries with more active FDI in high-wage locations or in geographically distant locations in Asia. Note: The group labelled as 'no offshoring' are all the companies in the sample that have not offshored production activities in the years 1999-2006. The propensity score is generated from regression IV in Table 4 -1.
We conclude that the analysis of a sub-sample with Austrian firms confirms some, but not all findings from the analysis of the large sample. In particular, we find H2 and H1 partly confirmed by the data. H3 is not supported by the observations of Austrian firms. The size of the sample, however, does not allow to show that the differences observed between offshoring and non-offshoring firms are significant.
Conclusions and policy issues
The consequences of FDI and production offshoring for the home countries are a muchdiscussed topic in economic policy. This study investigates the effects of offshoring on R&D, product and process innovation of firms in the home country. Innovation capabilities resulting from systematic R&D, the implementation of advanced production technologies and the subsequent innovation performance are the key element of long-term competitiveness of Western economies.
Overall, we see no negative effect of production offshoring on innovation and technological capabilities of firms in the home country. On contrary, offshoring induces firms to specialize in their home countries towards research, development, and design and to invest in process innovation. This result also partly holds true in an analysis of a sub-simple which only consists of Austrian firms. Here, however, results suffer from a low number of observation.
The effects on innovation input, including R&D and design, are univocally positive.
Offshoring of production activities is associated with a significant higher input in R&D and non-R&D innovation activities.
The analysis of product innovation give a more differentiated picture of the effects of offshoring: production offshoring is associated with a higher likelihood of product innovation, regardless of the degree of novelty of the product innovation. However, product innovation does not show any relationship with the share of sales from new products. Yet, it can be argued that this particular indicator rather captures the product lifecycle in the firm, than the firm specific relevance of product innovation. Our findings can hence also be interpreted that offshoring does not affect the lifecycle of the product of the offshoring firm.
Finally, the analysis reveals a positive effect of production offshoring on process innovation. Firms which offshored production activities invest more in advanced production technologies. The difference between offshoring and non-offshoring firms can be explained by stronger investment in automation technologies and in digital factory technologies.
A discussion of the results of this study has to consider the global financial crisis, which has reached its climax during the observation period 2007-Mid 2009. Although we cannot provide a comparison of innovation behaviour of offshoring and non-offshoring firms before and during the crisis, there is reason to believe that offshoring firms reduced their innovation activities stronger during the crisis than non-offshoring firms. Empirical evidence suggests that export-oriented firms were more severely hit by the crisis and exhibited more severe cuts in innovation and R&D expenditure than less export-oriented firms (Paunov 2012; Rammer 2012; Archibugi et al. 2013) . We have shown that offshoring firms are much stronger embedded in international value chains than non-offshoring firms. Thus, we can assume that the crisis has narrowed down the differences between offshoring and nonoffshoring firms observed in the preceding chapters.
The results carry some implications for international economics as well as for economic policy. Our findings add empirical evidence on this complementarities between offshoring and innovation, a field where empirical results were scarce so far (Barba Navaretti and Falzoni 2004; Olsen 2006 ). We present evidence for positive home-country effects for technological upgrading, in particular process innovation. The results support a view on internationalisation of firms that regards offshoring as an strategy of international expansion, and not a passive reaction of firms to a loss of their competitiveness. We show that this expansion goes hand in hand with innovation and process modernization at home. This view is in line with the international business literature (Dunning 2001; Dunning and Lundan 2008) and the international economics literature (Helpman et al. 2004; Helpman 2006) where internationalisation is explained by the wish of the firm to exploit superior firmspecific assets at international markets.
With respect to policy, the analysis cannot confirm fears of a 'hollowing out' of national competitiveness from offshoring. The activities that add to the technological capabilities of firms and their ability to create competitive advantage -such as R&D, design or process innovation -are positively associated with a firm's decision to relocate production activities to foreign countries. Thus, protective policy measures to prevent production offshoring do not seem to be a suitable approach to strengthen domestic technological capabilities and value-adding competences.
Second, our findings indicate complementarities between domestic education and innovation policies and internationalisation strategies of countries. Politics should be aware that domestic firms are likely to specialise in more knowledge-intensive activities when they internationalize their production activities. Consequently, policy can help to take full advantage of the benefits from internationalisation by promoting education and qualifying personnel early enough, particularly in countries or regions where talent is short.
Third, the results support a broad approach in science, technology and innovation policy that goes beyond the sole promotion of R&D. Although we did not study the contribution of R&D, design and different forms of process innovation to firm performance separately, it is obvious from the results that offshoring firms invest in all three forms of innovation. This may give reason to re-think the focus on R&D which dominated Austrian science, technology and innovation policy over the last decade.
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